ABSTRACT
The use of haplotypes found at candidate genes increases the power of association studies, eliminates the difficulties of statistical dependence among single nucleotide polymorphisms (SNPs) showing linkage disequilibrium and adds important information about the genetic context on which SNPs are actually placed (Balciuniene et al., 2002; Drysdale et al., 2000; Knoblauch et al., 2002; Van Eerdewegh et al., 2002; Zaykin et al., 2002) . Indeed, haplotypes in a candidate gene are themselves correlated due to a common evolutionary history, and the consideration of this history should augment the amount of biological information available in the sample (Lam et al., 2000; Seltman et al., 2001 Seltman et al., , 2003 Templeton, 1995; Templeton et al., 1987 Templeton et al., , 2000 . Templeton et al. (1987) pioneered the use of evolutionary information in phenotype/genotype association studies, and very recently proposed a new and efficient method, tree scanning, to search for genotype/phenotype associations using haplotype trees (Templeton et al., in press ). Basically, tree scanning 'cuts' each branch in the haplotype tree, dividing in turn the haplotypes into two or more mutually exclusive groups or classes. These groups of haplotypes can be then treated as alleles and incorporated in a straightforward manner in a genotypic analysis of phenotypic associations using ANOVA. Since the tests are correlated, and to estimate the association P -values, tree scanning includes a step-down resampling method with enforced monotonicity that incorporates a structure correlation and corrects for multiple testing (Westfall and Young, 1993) .
Although evolutionary methods for association studies seem very promising, one of their main drawbacks so far could have been their actual implementation (but see Seltman et al., 2003) , especially among the researchers not familiar with the evolutionary jargon. To facilitate the application of the tree scanning method, we have implemented it in a program called TreeScan. TreeScan is written in ANSI C and it can be compiled in any operating system with a C compiler using the provided Makefile. The program is available free of charge under the GNU General Public License, and it can be downloaded from http://darwin.uvigo.es. A detailed documentation is included in the package, with instructions for installation, compilation and execution, along with an example input file.
The input file for the TreeScan program consists of haplotype designations and quantitative traits for each individual in the sample, and a haplotype tree. The haplotype tree has to be in parenthetical notation and must include branch lengths (Fig. 1) . This tree can be rooted or unrooted, and include multifurcations, but it cannot be reticulated. Reticulations or loops arise in the tree because of phylogenetic ambiguity due to recombination or to parallel, convergent or reverse changes. In some cases, these reticulations can be solved using predictions from coalescent theory (Crandall and Templeton, 1993; Pfenninger and Posada, 2002) . In other cases the reticulations are very difficult to solve without arbitrariness, and the user might want to analyze alternative trees separately. Another strategy to deal with phylogenetic ambiguity would be to simultaneously consider all tree splits derived from the different loop solutions (Templeton et al., in press ), but this approach is not currently implemented in TreeScan. To facilitate the use of the same tree for different samples, or to use trees from previous studies, the input tree may contain haplotypes that are not present in the sample. It is also possible to have haplotypes in the sample that are not in the tree, but that situation should not occur often in practice. In such a case, individuals with haplotypes not present in the haplotype tree are effectively ignored. Any disagreement in haplotype composition of the tree and the sample will be indicated in the logfile. Figure 1 depicts in its upper part a haplotype tree obtained with the TCS software (Clement et al., 2000) , accompanied by the tree parenthetical notation required by the program. Note that internal nodes are represented as terminal nodes with zero branch lengths.
The program TreeScan produces three different output files: outfile, logfile and tabfile (optional). The outfile includes the outcome of the analysis. Results are displayed for each trait in turn, and within each trait, first for the first round results, and then for the conditional tests (second round) of the test. This file includes, for each branch in the haplotype tree, the proportion of trait variation explained by the branch, the F -statistic from the ANOVA, the uncorrected P -value TreeScan: association tests using haplotype trees Fig. 1 . Input haplotype tree and output association probabilities. Above, An unrooted, multifurcated haplotype tree is represented with its corresponding parenthentical representation. Below, Branch is an arbitrary label for a given branch in the haplotype tree; Location indicates the two haplotypes connected by that particular branch; F is the F -statistic from the ANOVA; s2k is the bias corrected estimate of genotypic variance (Boerwinkle and Sing, 1986) ; pvk is the proportion of trait variation explained by the branch; P (F ) is the uncorrected P -value from the F -distribution; PSim is the uncorrected permutational P -value; PCorr is the corrected step-down permutational P -value; and PMon is the corrected step-down permutational P -value after enforcing monotonicity. Asterisks denote values below the significant level.
from the F -distribution, the uncorrected permutational P -value and the corrected step-down permutational P -value before and after enforcing monotonicity, the latter being the main association P -value (Fig. 1) . This file also include results from the second round of the tree scanning, where new haplotype subgroups are defined and contrasted within those groups that resulted in significant genotype/phenotype associations in the first round of the analysis (Templeton et al., in press ). The logfile includes information that might be helpful to make sure that the input was properly interpreted and that the analysis proceeded as expected. It includes the data (individual haplotypes and traits), the haplotype tree and information on all nodes in the tree, a comparison of haplotypes in the sample and haplotypes in the tree and a complete description of the tree splits defined during the analysis. The tabfile is optional and includes a complete description of the ANOVA tables built during the analysis, and a summary of the ANOVA results.
Program arguments are entered in the command line and change the default value of some settings. The user can specify the number of permutations for the estimation of P -values, the significance level, the minimum number of individuals required in each observed genotypic class to proceed with the analysis, whether to print the ANOVA tables, whether to sort results by the F -statistic and whether to use the genetic variance as the main test statistic (instead of the F ). TreeScan results have been validated with the R package MULTTEST (Ge et al., 2003) to check that the F -statistics and the step-down correction were correctly implemented, and with an independent script written by one of us (T. J. M.) for the program MACANOVA (Oehlert and Bingham, 2003) available at http://www.stat.umn.edu/macanova/ that implements the ANOVA calculations given the tree partitions.
